Crude acetone and ethanol extracts of the aerial parts of 21 Cephalaria species collected from Turkey were investigated for larvicidal and adult topical activity against Aedes aegypti. The ethanol extracts from C. elazigensis var. purpurea, C. anatolica, and C. elmaliensis possessed the highest mortality against first instar Ae. aegypti larvae. Luteolin-7-O-β-D-glycoside (1), isolated from C. elmaliensis ethanol extract, demonstrated 33% and 53% mortality at 0.1 g/mL concentration against first instar ORL (susceptible) and PR (pyrethroid resistant) strains, respectively. C. scoparia acetone extract showed 100% mortality against adult Ae. aegypti. From this extract compounds 2-8 were isolated. Compound 2 (isoorientin) possessed the highest toxicity with 31.7% and 65% mortality at a 10 g/mL concentration against adult ORL and PR strains, respectively. This is the first screening report of potential insecticides from Cephalaria species against the yellow fever mosquito, Ae. aegypti, and the active compounds (1 and 2) could lead to the development of a new class of insecticide.
Mosquitoes are vectors for many pathogens that cause diseases, such as malaria, dengue fever, yellow fever, Rift Valley fever, and Chikungunya. When significant levels of transmission occur, epidemics can result producing high rates of human morbidity and mortality [1] [2] . Mosquito control is an important approach to reduce the exposure of humans to mosquito-borne diseases. To accomplish this, different methodologies should be used such as larvicides, insecticides, personal protection, biological controls and mosquito source reduction [1, 3] . The primary approach used for mosquito control relies on the use of chemicals. Pyrethroids have been widely used against a wide range of insect pests in agriculture and public health situations [3] [4] . However, their frequent use and that of other insecticides can lead to non-target effects and can increase the development of insecticide resistance, which is now common among mosquitoes. Therefore, there is an urgent need to develop naturally occurring products for control of a wide range of insects [3, 5] . Much effort has been recently focused on plant extracts or phytochemicals as potential sources of mosquito-control agents [6] [7] .
A collaborative project with the United States Department of Agriculture (USDA), Agricultural Research Service (ARS), Center for Medical, Agricultural, and Veterinary Entomology (CMAVE) and the Department of Defense (DOD) Deployed War-Fighter Protection (DWFP) Research Program has been established to discover, evaluate and develop new candidate chemicals effective in preventing mosquitoes and flies from biting deployed personnel [1] [2] [3] . The DWFP program emphasis is on identifying and testing new classes of chemicals for control of insect vectors and to find new tools for chemical application suited to the protection of troops and human populations after natural disasters (e.g. floods, hurricanes, tsunami), and new methods for personal protection (e.g. clothing, bed netting, ointments) [3] . Taking into account the necessity of developing new and safe mosquito control agents, we initiated studies to evaluate different Cephalaria extracts for their toxicity to Aedes aegypti L. The genus Cephalaria Schrader ex Roemer & Schultes, family Dipsacaceae, consists of 94 species that are found in Europe, East Asia, the Eastern Mediterranean, and North and Central Africa. There are 40 Cephalaria species distributed in Turkey, 24 of which are endemic [8] [9] [10] . Cephalaria species are used in folk medicine in various part of the world. The roots of C. gigantea are used for their sedative and antiinflammatory properties [11] . C. syriaca is one of the most wellknown species in Turkey and is locally known as "zawan, orum or pelemir". The seeds of C. syriaca have been traditionally used as an additive to increase the strength of wheat flour dough in bread making [12] . Cephalaria species are also used as food by the larvae of some Lepidoptera species, including Schinia imperialis, which feeds exclusively on C. procera [13] . Many Cephalaria species have been used in traditional medicine for many years due to their antimicrobial, antifungal, antioxidant, alleviative, hypothermic, relaxant, insecticidal, and cytotoxic activities [13] [14] [15] [16] . In our review of the available literature, we could find no information on the larvicidal and adult topical activity of Cephalaria species against mosquitoes.
Ethanol and acetone extracts of 21 Cephalaria species (Table 1) were evaluated for their activity against larvae and adult Ae. aegypti (Tables 2 and 4 ). Neither the acetone nor ethanol extracts resulted in complete mortality in both assays. In larval bioassays, the ethanol extracts were generally more active than the acetone extracts against first instars, although the variability was also higher through NPC Natural Product Communications 2015 Vol. 10 No. 7 1195 -1198 Cephalaria species were more active than ethanol extracts in adult mortality assays (Table 4 ). Compounds 1-8 were isolated from the active Cephalaria species (Figure 1 ).
In larval bioassays, the ethanol extracts of C. elazigensis var. purpurea, C. anatolica, and C. elmaliensis were the most active with 40-50% mortality against first instars at 1 mg/mL concentration. Slightly lower activity was observed for ethanol extracts of C. hirsuta and C. procera with 30.0±42.2% and 20.0±28.3% mortality, respectively. From the acetone extracts, C. aytachii and C. taurica showed the highest activity with 30.0+42.2 % and 20.0±28.3% mortality, respectively ( Table 2 ). Compound 1 was isolated from the ethanol extract of C. elmaliensis and tested at four different concentrations in larval bioassays (Table  3 ). Compound 1, luteolin-7-O-β-D-glycoside, showed 33.3±41.6 g/L and 53.3±30.6 g/L mortality at the lowest dose (0.1 µg/µL) against first instar ORL (susceptible) and PR (pyrethroid resistant) strains, respectively ( Table 3 ). The ORL controls caused 8.3±14.4 g/L mortality in the DMSO treated wells and 100% mortality in permethrin (0.01 µg/µL) treated wells. The control results for the PR strain were 6.7±11.5 g/L mortality in the DMSO treated wells and 100% mortality in permethrin (0.01 µg/µL) treated wells. Based on the lower activity found in the larval assays, compound 1 was not considered suitable for further bioassay procedures.
The same 21 Cephalaria species were tested in adult Ae. Aegypti topical assays; a range of activity was shown ( Table 4 ). Three acetone extracts stand out as highly active. C. scoparia acetone extract resulted in 100% mortality at the 10 g/L concentration. Larvicidal and adult topical activity of Cephalaria species against mosquitoes Natural Product Communications Vol. 10 (7) 2015 1197
Acetone extracts of C. procera and C. hirsuta were somewhat less active, 75±7.1% and 80.0±28.3%, respectively, but still effective at inducing mortality in adult Ae. aegypti. C. lycica acetone extract produced slightly more than 40% mortality, whereas the remaining extracts had activity below 25%. Among the ethanol extracts, C. lycica showed 45±7.1% mortality, followed by C. stellipilis with 30.0±14.1% mortality. The remaining ethanol extracts produced 25% mortality or less. Compounds 2-8 were isolated from the C. scoparia acetone extract and compound 2 showed the highest mortality against both strains (31.7 ± 20.2 g/L for ORL strain and 65.0 ± 18 g/L for PR strain) ( Table 5 ). Compounds 3-8 were more active against the PR strain than the ORL strain. Mortality in the ORL strain for the permethrin control was 100% and the acetone treated mortality was 0%; in the PR strain, the permethrin control was 83.3±7.6 g/L and the acetone treated mortality was 6.7±2.9 g/L at the 10 g/L concentration. The results of the present study showed that flavonoid and iridoid type glycosides play important roles in biological activity. The isolated pure compounds (1-8) showed low effectiveness against the larval ORL and PR strains in the first instar and adult topical assays. However, the analogs of the most active compounds 1 and 2 may be developed for further mosquito bioassays.
Experimental

Plant sources and extraction techniques:
The aerial parts of all investigated plant materials were collected in Anatolia, during the flowering stage in August 2013. All details (plants, voucher specimen numbers, locality heights and extract yields) about the plant materials are given in Table 1 . Collection and identification of the plants were by H. Sumbul and R.S. Gokturk from Akdeniz University. Voucher specimens have been deposited at the Herbarium of the Biology Department of Akdeniz University.
The air-dried plant materials were cut into small pieces and then 100 g of each species was placed in 1000 mL of solvent (acetone or ethanol) in a conical flask and stirred at room temperature. After 24 h, the extracts were centrifuged, the supernatants collected, solvents evaporated at 40 o C, and the dry extracts stored at 4 o C in airtight bottles. Extraction was made at least 3 times for each species and the mean values are presented in Table 1 . Figure  1 ). The acetone extract of C. scoparia furnished 7 substances, mainly flavonoid and iridoid type glycosides. Compound 2 was identified as isoorientin [18] , compound 3 as laciniatoside I [19] , compound 4 as cyclopenta[c]pyran-4-carboxylic acid, octahydro-3,6-dihydroxy-7-methyl-methyl ester [19] , compound 5 as rutin [17] , compound 6 as loganin [20] , compound 7 as sweroside [21] , and compound 8 as swertiajaponin [22] (Figure 1 ).
Isolation procedures:
For the isolation of these compounds all ethanol and acetone extracts were first extracted with n-hexane. 31 ). Frs 10 and 11 were combined and purified by silica gel CC using CHCl 3 :MeOH:H 2 O (90:10:1) to yield compound 3 (1.0 mg). Fractions 10 and 11 of RP-MPLC were combined and exposed to MPLC over silica gel using a suitable Buchi column (49/230) and a program (max. pressure: 20 bar, flow rate: 50 mL/min, CH 2 Cl 2 -MeOH solvent system 100:00:100%); 7 fractions were obtained.
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Mosquito activity:
The mosquito colony for the larvicidal and adult topical assays was used as described in [23] [24] . Permethrin was the positive control for both assays.
